ABSTRACT Methionine (Met) dependence-i.e., the inability of cultured cells to grow when Met is replaced by its immediate precursor homocysteine (Met-Hcy' medium)-is a frequent component ofthe oncogenically transformed phenotype. Normal cells, on the other hand, grow in this medium. There have been reports
, and S-adenosylhomocysteine (AdoHcy). We report here experiments that demonstrate that Met-dependent cells synthesize a normal amount of endogenously synthesized Met and are deficient in utilizing this Met for AdoMet synthesis. In contrast, exogenously supplied Met is utilized normally for AdoMet biosynthesis. The ratio of AdoMet to AdoHcy is low in Met-dependent cells growing in Met-Hcy' medium but is normal in Met'Hcy-medium. We determined that the low AdoMet/AdoHcy ratio probably limits growth of Met-dependent cells in Met-Hcy' medium.
It has been shown by us and others (1) (2) (3) (4) (5) (6) (7) (8) (9) that a large number of cancer cells grown in culture are methionine (Met)-dependent. That is, these cells, unlike normal cells do not grow or grow poorly when homocysteine (Hcy), the immediate precursor of Met, replaces Met in the culture medium (Met-Hcy' medium). Cancer (18) .
Scintillation Counting. A toluene-based scintillation fluid was used for all fractions for HPLC and amino-acid analysis, and radioactivity was assayed on a Beckman LS-100 counter.
RESULTS
Met-dependent, SV40-transformed human cell lines P1 and P5, which are subclones of W18VA2 and SV80, respectively (3); their respective Met-independent revertants RI and R5 (3); and normal diploid human fibroblasts BA, AF2, and MGF 292 were used in this study. The growth curves of these cell lines in Met-Hcy+ medium can be seen in Fig. 1 sized Met for AdoMet formation in Met-dependent cells. Table  1 (Fig. 1) , then a positive linear relationship was obtained (Fig. 2) , indicating that probably the AdoMet/AdoHcy ratio limits growth.
When the Met/AdoMet ratio was calculated after labeling with [35S]Hcy, this ratio was very high for Met-dependent cell lines P5 and P1 (Table 1 ). The data analyzed in this way make obvious the fact that Met synthesized from Hcy, unlike preformed Met, is not sufficiently available for AdoMet synthesis. When the ratio of Met/AdoMet for cells grown in MetVHcy+ medium was plotted as a function ofthe logarithm ofthe number of cells obtained at day 9 in Met-Hcy+ medium (see Fig. 1 ), a negative linear relationship was obtained (see Fig. 3 ), indicating that the apparent inability to sufficiently utilize endogenously synthesized methionine may be the crucial factor determining methionine dependence itself.
7.
5-a 4- (1, 2) that, in Met-dependent cells, preformed and endogenously synthesized Met are utilized differently, with the defect possibly due to the inability of the Met-dependent cells to utilize endogenously synthesized Met for all ofthe processes that require Met.
The experiments reported here indicate that Met-dependent cells in MetVHcy+ medium synthesize Met to the extent that they maintain normal amounts ofthis amino acid. However, the amount of AdoMet synthesized from endogenously synthesized Met is markedly reduced. In contrast, when preformed Met is supplied, the cells synthesize AdoMet at normal levels. Tisdale (19, 20) also has reported a reduction ofAdoMet levels in Met-dependent Walker-256 rat breast cancer cells. In addition, our results indicate that the AdoHcy level may be slightly higher in the Met-dependent cells. These events lead to a marked reduction in the AdoMet/AdoHcy ratio in the cell. Fig. 2 shows that growth in Met-Hcy+ medium is directly correlated with the AdoMet/AdoHcy ratio, implying that this ratio, which determines the ability of cells to methylate (21, 22) , is critical for cell growth and that its reduction is symptomatic ofMet dependence. This information in Fig. 2 and the datafrom Fig. 3 , which demonstrate a negative linear correlation between growth in Met-Hcy+ medium and the Met/AdoMet ratio, suggest that, in the Met-dependent cells, the critical defect is the inability to utilize endogenously synthesized Met Proc. Natl. Acad. Sci. USA M(1982) 
